The results of research on the rheological parameters of mineral-asphalt mixes subjected to the creep test in the Nottingham Asphalt Tester (NAT) are presented. The rheological parameters were determined through the approximation of the experimental creep curves by the theoretical curves for three viscoelastic models: the Maxwell model, the Burgers model and the Zerner model. This was done after the 1 st , 2 nd and 3 rd ucycle of loading of the same specimen. It was found that the approximation error in the 3 rd loading cycle was the smallest for the Burgers model. The obtained rheological parameters were used for forecasting ruts in the French Pavement Rutting Tester (FPRT). For this purpose a theoretical model for forecasting ruts was developed using a finite element method (FEM). The model was validated by comparing the rut depths calculated for the rheological parameters determined from creep tests with the rut depths measured in the rutting tester, in which the considered mineral-asphalt mixes were tested. The best agreement between the rut depth measurements and the model calculation results was obtained for the Burgers model and the Maxwell model.
Introduction
So far the most effective laboratory method [2, 3] of determining the deformability of mineralasphalt mixes is the rutting tester test which makes it possible to properly simulate the behaviour of mineral-asphalt mixes subjected to repeated loadings. This has been corroborated by assessments of the correlation between rutting tester results and those of tests carried out on test tracks and actual pavement structures. The rutting tester test mirrors the viscoelastic and plastic phenomena which occur in mineralasphalt mixes. In the paper, a theoretical model for testing mineral-asphalt mixes in the rutting tester is proposed. The model served as the basis for an algorithm for predicting ruts from the viscoelastic rheological parameters of mineral-asphalt mixes. The rheological parameters are identified by creep tests in the NAT (Nottingham Asphalt Tester).
Identification of rheological parameters of mineral-asphalt mixes
The rheological parameters of mineral-asphalt mixes were identified through static load compression creep tests in a Nottingham Asphalt Tester (NAT) made by Cooper Research Technology Ltd.
The creep test conditions, conforming to [1] , were:
• a steady load of 0.10 MPa 0.3 %, • a loading duration of 3600 s 5 s, • an unloading duration of 900 s 5 s, • a test temperature of +45 C 0.5 C, • preloading with a load amounting to 2 % of the static load for 120 s, • 100 mm 2 mm high cylindrical specimens 101 mm 0.2 mm in diameter.
An exemplary composition of the tested mineral-asphalt mix (ms3) is shown in table 1. The mix was used in the construction of the A4 motorway in Poland. The rheological parameters were determined through the approximation of the creep curves by theoretical curves for three viscoelastic models. 
where: The function, representing the approximation error for the i-th measuring points, made it possible to select a theoretical model which best approximated the mix's properties on the basis of the rheological parameters for rut forecasting purposes. In the creep test, each specimen was subjected to three cycles of loading and unloading as shown in fig. 2 . Ultimately, the rheological parameters were determined for the 3 rd test cycle. An additional reason for choosing this cycle was that the determined parameter values were to be used to calculate rutting for repeated loading. The rheological parameters for the different models and the respective approximation errors for the 6th RILEM Symposium PTEBM'03, Zurich, 20033 rd cycle of loading the ms3 mix are given in table 2, according to which the Burgers model's approximation error (5.57%) is the smallest. The relatively large error characterizing the Maxwell model is due to the discrepancy between the laboratory curves and the theoretical ones observed only in the initial stage of loading. The Zerner model does not approximate well the real creep curve, mainly because of the asymptotic run of the unloading segment to zero. The latter model's approximation error was the largest (12.84%).
Description of rutting model
A model of the development of permanent deformations in a rutting tester has been devised on the basis of the French Pavement Rutting Tester (FPRT) [2, 3] . The FPRT test consists in the repeated loading with a free rolling wheel of a mineral-asphalt mix in a steel mould. A scheme of the test is shown in fig. 6 . The theoretical rutting model was developed in the xyz Cartesian coordinate system ( fig. 7) . The geometrical dimensions and the fixing conditions were assumed as shown in fig. 7 . They corresponded to the laboratory rutting test conditions. The top surface of the model was subjected to a changing load of 0-0.70 MPa uniformly distributed along the width of an 80 mm band. The values of the load and its duration are commensurate with the loading conditions and the speed with which the wheel turns in the rutting tester. The finite element method (FEM) was employed in the model to determine the displacements of the mineral-asphalt mix. To build a computational model based on FEM, the considered structure had to be divided into elements and suitable nodal parameters had to be assumed. Eight-node cubic elements of the SOLID type were used to build a discrete model of the solid (fig. 7) . The material properties of the particular elements were described by linear viscoelastic models (Maxwell, Zerner, Burgers) with proper rheological parameters. It was found that mainly viscous and viscoelastic strains caused permanent rutting of the surface. An analysis of the stresses in the model is provided in [4] .
Verification of rheological parameters in rutting tester
The determined rheological parameters of the mineral-asphalt mixes were used to calculate the permanent deformations in the rutting tester model. The models and parameters assumed on the basis of creep were verified by comparing the calculated rut depths with the results of the laboratory tests carried out on the mixes. Using the rutting model, the depth of permanent deformations was calculated for the three rheological models on the basis of the determined rheological parameters. The calculations were performed from 2000 to 30000 cycles of loading and the results were compared with the rutting tester results. For the purpose of comparison an approximation error was calculated from: The rutting curve and the approximation error for the ms3 mix are shown in fig. 8 . The calculated approximation errors were used to evaluate the theoretical rutting curves (in comparison with the laboratory test curves) and the usefulness of the particular models for forecasting rutting. According to the table, the rut depth calculated by means of the Burgers model is characterized by a small approximation error (4.09%). The Zerner model results' approximation errors are the largest (7.12%). The Zerner model is characterized by complete elastic recovery after unloading at infinity. If the model is subjected to repeated short loading-unloading cycles, cumulative viscous strains are obtained. 
Conclusions
The presented method of calculating rut depths in the rutting tester on the basis of the rheological parameters determined by creep tests has proved to be effective in forecasting permanent deformations in mineral-asphalt mixes. The comparison of the calculated rut depths with the results of tests carried out in the rutting tester in laboratory conditions showed that linear viscoelastic rheological models are useful for calculating rut depths in repeated loading conditions. The Burgers model's approximation errors are the smallest, the Maxwell model's approximation errors are still relatively small, whereas those of the Zerner model are large. It has been established that the effectiveness of rut forecasting is high when the rheological parameters are determined in the 3 rd cycle of loading.
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